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°l-8-$ Ti^ f^Al 7]^-^ ^o. ^]^ 7l ofl 3^.3. tij-i^^^f^ Ti 

^ g "JrS^T^ tifl^cH-^n^ MH^* ^l^*>7l rtOg, 

°1« ^ ^ t^^, ^Hl TiCl 4 4i^7l-i« ^*)- 71 av-^«> 

a oH ] ^ Ti n|- tg^ojj ^. 7l o]eH <^*fl ^ £ 

TiC14 ii7fif a>-§-^ ^.^l^^Aiofl o^fl Ti^ %^*}±r ^1; * 
^-71 Ti^l TiN^* ^*Rr ^Tfll- ti>£^]^7>^ Hfle) ^^o| 
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A o^# ^3 la-tgJE. 

[i^tn^s.] 10 
[J£3^-§-] 

29 : TiN^" 30 : TiSi 2 ^ 

U£3 H cHn 33 
[Ji3^-§-] 

3r€, aK^j^Hr 33 °l^l^-(Down sizing)^*! ^M^tt yj-^z} 

M S^Itt #7 r *}^ WbI, #^7l^^(P h ysical Vapor 

Deposition; pvDe}- tlOlHH o]^- ufle)^^^- o. s - 
(Step coverage)*] gej-«H ^ ^(Contact bottomHH^ Ti^M- 

°15L ol«B Ti^ ^2]AHEO) TiSi2 o^ t§^o] ^ig. ojifLo^ ^-sfl 

^(Contact resistance)^ #7>* r >|] sjtf. o]e^ ^^oflA) s^^^-^. 7 fl 
fltfl PVD^iLsL Ti^ ^1* ^7M7l^ M*(Contact hole) 
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*1 3.*]-$ (Over-hang) o] *H8«J-fe 4, ^ CVDU-*W Hi€(W) f- 

o] ^-^(Gap-fill)-i- »<H1tr4. 

[Ji^tfl^^-] +)^#3L 16 

^5-^ ^J-Efll- ^ ^£olcf. 

^°]-^^ 3*Rr 71^(10)611 ol^-oj j=ofl ^^/^ 

^ ^ *^«8^(n)oi 34301 010.0}, ^£^(16)* #-§-*H *4<8 

SHllH ^£ Ti^v Ti/TiN^ «fle)^^n|-(i7)4 ^ ^^o. S 

[Ji^ifl^-^] 19 

Ti# *HbW^*K17)^ ^e)^ 71^(10)^ ^ ^ 

^^(Ohmic contact)* ^sfl Ti4 ^5)^3] aV-g-ofl o}^. TiS j 2 - o] ^. 

^ ^^^f 0 l = (18)7> ^^£)ol ^cj. 
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[Ji^tfl-S-^] ^t^i 20 

-a^^] = (18)^^Al ^5]S ^o] 7 )^cq PVD«<HH] ^ o.^ 

4 a?]] M-Efvfcf. o]^ TiSi2 ^^ai ±5L£\±t 7)&e\ ^sqofl 

Ti^" ^Ajo) ^7}^°] TiCl40l l ^-o.^ Clo)1 7l^(10)S] £^o] 

371 trflg-ojcf. 

o]s)^. ^c. , A ,^ ^ ^/^^o] ^ 

3(11) 3^1^ ^» 7\A<LA sH, ^ %^<$q(n)6\]x) 7j42-(l 0 )_O 
T'e-^^- (Leakage current)* -fr^r^ 4, ?>S.^1^H 1^-a]?J 
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[i£3*<Hn 33 

*M Aj-^a)- HV^l-g- ol-g-tb Ti^ f^A] ^^^71^ ^1^ 7H1 ^g. 

*r ^SL^*}*} Ti ttj. qjQ^q g «}£^1^7>^ Hfl^^^nv ^^^^ 
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[Ji3«fl#W-l ^^Jl 58 

^-ol °l-?-<H*l^r *3£, TiCl 4 7>i# o]-g-^. Ti^ ^ 
*34H^ ^^>7l ^*fl Ti^ ^ofl hbix T^ofl^V Ai^aj o.s. 

SE^ <H^« 0 M^# ^^f-o.S^) ( TiCl 4 ii7}if oj-g- 
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Ti^ ^aJ-A] ^]^ 7l o,l 3^ te^li^ XJ*«> 

7i ^ oil- 3*ii £ 43 w Tici 4 ^^7i-^# A>-§.^^ m 

^ ^ ^el^#^ £5=^0} c^yV^nV^ ^ ^ ^ - 3^ s. 

^ #31; -8-71 o^ifl^nj-oi £1411 ^ TiC]4 ± ^ 7} ^ a}^}^ ^ 



£ 4b 



HfleW^^ Ti^, Tim, TiC14. 
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&5m±x}2i\ ElEj-^-^- tg^tg-^ ^ flflgjoj-g-^ {METHOD FOR FORMING Ti 

LAYER AND BARRIER METAL LAYER OF SEMICONDUCTOR DEVICE} 

£ 2^ Ti^ s^v ^ SEM a>^1. 
£ 3^8: Ti^ ^3}- ^ cj-^ SEM^^l. 

£ 4a tfl*l -£ 4bfe I^aHH 4 = HVH^)]^l-o] Ti ^. ^ oil- i^-S> 

20 : ^e]^7]# 21 : 7flolE^o^^ 

22 : 7])o)E.^ 23 : 5[£4i3 

24 ; ;MM>H 25 : $M3<8 3 

26 : ^«gej- 28 : Ti^ 

29 : TiN^l- 30 : TiSi 

31 : ^«fl^i 

25-4 
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-gig] 

- #^1^4 *1]S»<HH1 ^1, TiCl 4 ^# °l-§-^ <^7] 

^f^K Chemical Vapor Deposition; °]-s\ CVD^h Ir)^ 1 ^ ^-^tr Ti(Ti-rich) £-4H7Hl 
^ TiN ^^M- oj-g-^V ^ ^ ^ ^ 0 ]t}. 

<13> A1 ^ ^r«fl^ %^<>§* ofl^cfl, P^^ i^/iELello] 

Alol 3#£)tt ^ ^o] 3g( Juilcti0Il spiking)^- «<M*>7l ^ « c v 

3 *r7)^*fl Ti/TiN ^ UfleH^CBarrier metal)* ^-g^tf . 

tr^l, ^S^l^l-fe 33 *Ml3KDown sizing)£]^^ ^ A}ol^ ^ ui aai 
^7 r <5>^ ^AfloH, 7l§o| #eM<W*KPhysical Vapor Deposition; o]^> PVD 
2f ^)»<H°fl ^tr tiflBl^^ni- $^o. sfe ^H4^(Step coverage)^ <i^ H ^ 
^ ^(Contact bottomHH<4 ^3.3. Ti ^ £ # - ^ o. TiSi2 ^ ^ 

0} >flcfls. -£i5fl ^U] ^(Contact resistance)^! ^7>*>t)1 ^cf. o)^ S 

^e|A] ^qaW* 7fl ^^7l 3*11 PVD^^S. Ti^q #7H7]^ «*(Contact 

hole) «3tHM ittl-fl (Over-hang)ol igj-^wj-fe «>, °1tt ^ CVD^^l ^tr ^€ 
(W) f-^ f^Aj jg-^(Gap-fill)-i- U-Sfl^cf. 

°H1 «J:*fl, CVD^^r #* r *|*HH PVDofl til^fl flo^l nfl^-ofl (Aspect 
ratio)7> €- ^^Hl rflsflA^ £ ^ HS^* 4f^l*>^>H ^ ^^ofl o]^ 



<14> 



<15> 
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Ti^-ir ^ CVD°fl ^ Ti^ ^aH^- dt^iS TiCl 4 7>i# 

<17> 5. 1* %}"2:*}£ , 7l^r(10)efl Tfl o] B/$3^( 12)4 7)1 olB^H^( 13)4 Tfl °1 

^V^Via.(i4)7> TfloiH^ sfl€°l *8^3<H ?1HH*H- 4€ 

<18> TflolH^^- sfl^ofl 71^(10)^1 °1£^ ^/^efloi ^ 

1J- f-sl *Hd<8«J(ii)°l sUl^, ^<3^U6)-§- «-^^(iiHl ^ 

€ Ti^" Ti/TiN^-^ ufl&)c>l^^-(i7)4 W f-^) ^«fl-^(19)ol $X^. 
<19> Ti# i^SHr «fl^^^^-(i 7 )4 7]^r(10)^ 31^1^ -2-^^ 

(Ohmic contact)* 31*1] Ti^f ^tb TiSi 2 ^ ^>°1 (18)7> 

<20> CVD^^l ^*fl «fl^^^^(17) ^, Ti^* 33 TiSi 2 ^ ^ 

e^Mc (18) ^ A ) ^s]^- 71^ ^o] 71 PVD»<HH1 HTfl 
M-Bl-^cf. o]^. xiSi 2 *§^ A 1 i^r ^el^- 71^-21 ^^&H1 ii7>i<y TiCl 4 ^l 
CHI ^ ^3€- 71^(10)^1 3.7} n&°}T3r. o}^]^. 
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^ %^<^(11HH 7l^(iO)^S^ ¥^dfKLeakage current)* .frtf*Nr 

<2i> £ 2 ^ Ti4 #3" * 5^-§r SEM^o]^, £ 30. ^ SEM^o^. 

<22> £ 2 ?! £ 3f 7l^r(l0)s] CHI ^tr ^JsL «l«fl Ti^(17)S] 

°<M^ °l-g-?r Ti^N ^s]^ ^j-g. 3^ tijr£^]^> 



#7^ ^*|* ^^7] o^fl >± ^ <^ ^ofl T1CI4 ii7^t A>^-^ 

41 CI 7>^o,l gjg #7] ^B^~o] c^eB » o V^ # 3^ ^5:^0] c^^jnKg. 

71 flvg<9q A oHl ^ Ti^ ^<H tcf€- ^-71 ^e]^ 71^ „ oMl . ^ 
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TiC14 ii7fif *\-%-*}±r W7)W*WI 2)n TiWWife #31; ^ ^71 Ti 



- TiCl 4 7>i» oj-g-^j. CVD ty^SLS. Til- nfl, TiSf 

^aV W^-g; o|-g-^ Ti nV ^ H^l^^ ^ 



£ 4a vfl^] £ 4b ^ <^AH]ofl 4= Ti^ ^ on- ^^j. 

#£31 i*}-* °}^7) fltb ^ -S-^7}- tg^ ^ej^- 71^(20) 4H] o]^ 

^Afl^O.S f 7)^(20)2)- ^*Hr Tjl^ofl AV^nV^ajo] 7))o}^<£^ ( 21)3). 
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°lH^(22)* ^*>J2, ^^S31, e^^J ^^^d = ( g^^Bj. cr- ^32}-*V* 0 j 

4^3(23)1- *§^4. 
<3i> el--p>^3(23) $ 7flolB^(22)3 f^o S o] 

<32> ^olB^d^ ^* ^ 3*^* ^aV^ U ^n^z^- ^ TflojH^ *lHa 

-fl -^olAi(24)» ^oH(24)fe <>1*^<?H LDD(Low Doped Drain) ? 

<33> ojo^, oj^-og D >^ H1 . tg^^ oj^-og B p 2 o^-og^ ^ ^ 

sfl^ofl ^|s] £ s. 71^(20)^] P^M ^/^eflo] ^f- ^-O} ^<g^ 

(25) * S^th 

<34> 7))^*), TflolB^d^ ^ AVo 1# * fl o_ - ojo. BpSGB| . j ApLB] . ( 

HDP^^ Hl^r HSQ^* a - ^#*H 2000A - 10000A3 ^*)|sL 3«a*K26)* 
4-8-, CMP 3£^r ^*|Zjvg- ^ ^^(26)* ^ i£^^zie]-3x] 

°H>H, 1% <>1*«H ^^^"(26) #41 SAC ^* jE£3] 

(26) * ^]^H TlHH^ ^ 7)^(20) «^<3<3 
(25)* ic#A]7)^ M^Cea]*}*! 



<35> 
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<36> ^^n| (26) ^z^fe f-Aj-S] SAC #rM#e*2*r 

^l^tfl, C 2 F 4 , C 2 F 6 , C 3 F 8> C 4 F 6 , C 5 F 8 HL^r C 6 F 6 f-S] C xFy(x,y^ 1 - 10)* ^^7} 
+2. *H, ^7lofl SAC #BH» 7] 7>i ^, CH 2 F 2> C3HF5 

CHF 3 ^ 7^1- ^7^1-^, ol nfl ?il o] 7}^s. He, Ne, Ar ^ Xe -f-sl wl#^ 7>i 

<37> , TflolB 5}H4i3 tff^ lit -f-^fl *KEL*l-iH2l ^^-i: 

91^ SAC ^3 Aizl- iS.^* ^ $14. ^Sefl^l^B i^l 

<38> ololA-1, Ti^H- TiN^ Ti/TiN ^S^l «fl EH Ti^r ^el€- 7l^ 

3^ <I*V-g-ofl Ti ^e)A>olc ofl^tfl, TiSi 2 t- ^Sl€- 71^ aflaM^r 1 ^ ^ 

^-i- ^*fl ^el€- 71^-3}- ufl^O^^nV A} o}6)} %^}^ Q^iS] B fl ^Aj ^ 

3^ ^S^Rr H>, £ Ti^ ^ofl SW^, A] 7 }&4\ O]^ y o >7l# ^^11 

<39> OH- AJ-JE] ^.Cf. 

<40> ^Ul^cni ^1*11 t#£ %^«83(25)£- ^ tilled iE^b HlBe]-<y4 ^&s\±r «>, # 

^^^^1 (Buffered Oxide Etchant; <^r B0E2}- ^(HF)# ^>-g-^H , 

£^H1^ ^-f^xr NF3M- CxFy 7\^% Af-g-^. 
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<4i> °wx\ t ic#^ *H0«8«K25WI^ ^hh^ 0.5. <H«!1MhK27)-& ^^Rt «h 

<42> ^^^^ ^-(27)0.5. A>-g-^ ^4-°fl^ CVD 3*fl Si 2 

H 6 /C1/H 2 # ii7}iS ^>-§-*>ZL, ^£1- 600 °C - 700 °C3. ^^g- O.lmTorr ~ 
l.OmTorr^ ^ZL^l^(Ultra high vacuum)^. -fr*]^M % ^ af ; o_ ^4. 

TiBV ^aj-A] Cl7]-^oi] ^Jejs. 7]^(20)^1 <^-g- #*]ti- ^^He)- ^l£^o)ji ) 

TiSi 2 ^^H5L ^1^5.^ A}-g- 7 >^«5}t}-. 

<43> o]^, TiN^ <H^ u oMsV(27).2.S Aj-g-^ ^-fofls cvd h]-, 
AS TiCl 4 i^l-^ofl nh 3 7 >^# ^j7l-*H Ti^ 

2-¥ 50 A 200 A ^ ^ ^o] w>bJ-3}^^ TiN^^ ^-fir 

^=7fl Wj-Sj-^l^cf. 

<44> TiN^I HL^ o)-g-^ ol^Hj-^^ ^o. £ = ^^ 7f 

C17]# 5Lf-*>S. S ^iflofl Cl7l7> ^7fl*M| ^Cf. CJ-2H, *1« ^T^Hfr ^7>^ 

<45> ojs^ C17]» ^7^^ ^*1):sL H 2 7>>il- oJ-g-$ *jAl*l- 

^ *l]7l*Kr cio] HV-g-^H ^€ SiCl^ ^oflui*] 

(Bonding energy)J±i4 3. ^ ^(Ultra Violet light)^- ci^f ^e|^g- 



25-11 



0020038977 #3 2003/6/10 

<46> ^ t £ + -7^1 z]-zj- bl^ * r3 j)^. ^~§-*r7iM- ^ofl A r -g-^- 

<47> n^H, ^^^1^(27) «H1 ^«fl Tis]- 71^(20) ^MHiLS. # 

^^(25)^ CHI ^tb 3££ TlSM <gs}-l- ^1*H T^^Br 

<48> o)o]A\ t cVD^-i- °l-g-3M ^^^ol £^4^1- Ti«K28)* 

TiN^(29)# f^}jL Ti^-(28)4 ^^-(^^- 7l#(20) SELfe- 

€■ <H^^l^)3j-Sl ti}-g-ofl £}«[] TiSi 2 ^-(30)^ i D -is@j|. 01^.7)1 ^q-. c^7l 

A 1 Ti*K28)/TiNeK29)fe «fleM#^ *Vcf. 
<49> Ti^(28)^ ^<a-^7l^a)- (Low pressure Chemical Vapor Deposition; o] 

LPCVDe} f-) w o^# °l-g-aRr «>, lTorr ~ 50Torr^ <y-^ ^ 300°C - 700°C£l 
*HH TiCl 4 7}+o\) NH 3 £f H 2 ^ Ar 7>i# c| ^7^H ' <>1 , NH 3 /Ar^ (Flow) 

<50> o] nflo^ ^JE^ ^}#tr 300 °C ~ 700°C^1 ^3HH 7>^^>M-, 7># HrlMSWIfe 

600 °C ~ 700°C^1 ^^>nf. 
<5i> TimK29)2l Ti^-(28)^r LPCVD^^r °l-§-*Hr «h *8«1 v)H>H 

?l-^*(In-situ)S. ^l^ ^£ satj-. o} nfl ^o]^ oj-s^ 1Torr - 50TorrJL5L ( £ 

£.« 600°C ~ 700°CS. sH, TiCl 4 i^7>^o]l NH 3 sf H 2 ^ Ar 7 r ^# c| ^7}^H °1 

°fl, NH 3 /Ar^ l-^-f ti] 7 } 8 - 15^1 2:3 *HH ^Aj^-cf. 
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<52> *v^ > TiSi 2 (30)^ ^£ Ti(28)^ ^o]u|. TilW29)s] $-S*H ^ 

<53> ol nfl, Ti^-(28)4 TiN^]-(29)^ qs$X\ zl ^zj- ^-je^. 300 °C °}f>}3. «fl , Ti 

^(28) ^4 TiN*K29) * SE^ ^Mfl^ ^ ^ ^ tHS] <g^e)# ^Ja] 

*rfe w^^tr w>, oj ^^-ofl^ 700 °C ~ 900 °C£) $4)*IM ^1*1 El (Rapid 

Thermal Process; °)f>} RTPSf ^a]*]-^ ^c] wj-^-^i^cf . 

<54> *v^, Ti«K28)4 TiN^(29) TiCl 4 ^7}^ 25°C ^£5. 7] 3^ ^-g- 

<55> ojo^A^ nV^o} Cl7 ) f z\)7m-7] ^g-g- ^ 7 }S. ^A]^t)-. 

<56> 7fl^s)H ; Ti^-(28)/TiN^(29)^ «1M<H-3^r^ ^Hl CVD SEfe CVD^ PVD # 

<57> 5L 4b ^ #^tiB^l(31) <g-jL^ ^ ^-g. 5^1 *r4. 



##tr W><4 ^-O] Ol^c^^]^ «V^^. ( TiCl4 0 j_g_^. T jn|. 

^ 1LQ*}7) ^Sfl Ti^ f^V ^o\] ^^oflnV Aj EH ^ O.S £E 

tt TiN^S] o) EH Hj-*] Dl- o. ^^^-0. S ^) ( TiCl4 ^^y}^ o}^ Ti n}- qjQ ^oflA^ 
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(Shallow) £<H*l7fl sl^ CVD Ti^ ^ ^JS^l cfl-^s]^ 

«>. £ ^°fl ^*>^ €^ ^3-2-3. <H EM tiV^] nv^- fg^^-o.^.*) TiCl 4 

^7f^# ol^-*V CVD y <H^ Ti^ ^si\ oV^^-sq- TiCl 4 7>^a}- NH 3 7}^2] 
# Ti/TiN^ Hfl^oj^sv-g- ^2|-*H #£2K£ 7]^- ^ 

<61> «>4 ^ £ l^^r, Ti^ ^<H1 ^ ^3^3 <>)^ wj-^j-ji, 

Ti/TiN^ ^bH^ 5 ]" 7^ =r 5U<H, «V£^4i7>^ ^ ^ ^av 

^ ^ 91^ 7lcflH- ^ ^4. 
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13?$ 1] 

TiCl 4 ii7}if A>-g-^ ^7l#**ftHH S]*fl Ti^-S- 

2i 

31 

Si 2 H 6 /Cl/H 2 l- *>**H=- 3# ^HlJLS *m 3hE*l):£*H Ti^" 

4] 
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^71 c^^n^g. q^*^ c^j- eooTC vfl^l 700°C51 *2 O.lmTorr vfl*l 

l.OmTorr^ ^ *HH *H*K=- ^ ^ 0.5. sffe «V£^l^>Sl Ti^ ^U^. 



5] 

^ 1 S^r 3 *cH $1^1, 

Ti^ * #7l o^^n^ ^ ^ CI 711- TflTl 



6] 

*fl 1 ^ z\) 3 *<M1 c-io^, 

^-71 Ti^ $ -S-71 o^^uKg. fl^fc # n ^ n^ofl CI 7l# ^ 

^71 ^*fl SiClS] ^^lui^^C} ^- ^u-lxl^ 7>^^^- ^A}-^^ 3}^ o. S 
WVE^^l-o} Ti n}- ^yj-^ 



7] 

*fl 1 %H1 5a<>H, 
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8] 

#7] TiCl 4 NH 3 7 }+M. ^ 7 >*H ^"7) Ti^ ^ ^Bjofl^ ^Aj^ 



9] 

^EHUJ-^oV^ 5QA ^ 200 A ^*flS *g^*Kr 3* ^ HV£^ 

7H Ti^ ^«<Hj. 



[^U- 10] 

lTorr ifl^l 50Torr^ ^ ^ 600 °C xfl^l 700 z\ <&^7) 



[^t 1 * HI 

*fl 10 * 0 H1 flo^, 

25-17 



0020038977 #3 2003/6/10 

#71 TiCl 4 7>>iofl NH 3 <q- H 2 ^ Ar 7}^ o| ^7}^ o] nfl , NH 3 /Ar^ «l7> 1 xfl 

12] 

#71 3Hg<g^ #ofl JjL^ Ti ^ #7l ^e]^ 7)&9] o]i# w o V^l 

#7l <^E«y o V^nVol HS-J^-g; n}5}- TiC14 i^}^* A>-g-^ 3^7}^ 

^-wj-^ofl sl«fl Ti^^g- ^#*m #711; ^ 

#71 Tin #°11 TiN^-i- ^*Hr #31 

* if-*Rr «V£^7}2] Hflel^^^- «g#^. 

[^^# 13] 

12 %H1 5X 6 ]*), 

# W o^. 

14] 

*ii 13 5a°H, 
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Si 2 H 6 /Cl/H 2 » ±^7}^3_ Af-g-SRr ^ ^'AS *}£r ^-£^^>o] tij]^^^-^ 



I^¥# 15] 

*fl 14 %H1 &°H, 

cH^U-^l^ *g^*Hr ^lfe 600°C ifl^l 700°C^ ^S. £ O.lmTorr vfl*] 
lmTorr^ °J-^ *}°\}*\ ^8 *>fe IKE^*}^ BfleM^^- 3#H* 



16] 

^ 12 %H1 9X«\*\, 
[^t 1 * 17] 

i6 * 0 hi su°h, 

^71 TiCl 4 ^^7>i^l NH 3 7>^# ^7>*H #71 Ti^ ^ *«tfHH ^A]^ 
3* ^3 .2.3. S}^ aVE^^o] Hfle)<^^n^ ^^tij-^ 
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18] 

16 %H1 $a°H, 

#7) ^Uj^nv^ 10 A ifl*l 100A3 *%^}±t *>fe a>£^l 



19] 

^ 12 fl°H, 

lTorr vflxl 50Torr^ ^ ^ 600 °C 700t^l £.E^MH *\ <$$-^7)^^ 



20] 

*fl 19 *J-<H1 , 

^•71 TiCl 4 =£^7^1 NH 3 Sf H 2 ^ Ar 7}±f ^ ^7}^ o] nfl , NH 3 /Ar^ f-iiL 



[3^8" 21] 

*)) 12 * 0 M1 5a«*H, 
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#7] TiN*]-* 3v4|4H, 

lTorr ifl*] 50Torr^ <y-^ ^ 6 00 o C vfl*] 700TC^1 ^rS^HH ^^^7}^^ 
22] 

*fl 21 %H1 5U°H, 

^•7i nm& ^*H= #3i±r, 

^-71 TiCl 4 ^^7>^ofl NH 3 sf H 2 ^ Ar 7j-i# c] $7>*M °1 "fl, NH 3 /Ar^ 
23] 

20 *fl 22 %H] &<>H, 

[^T 2 -^ 24] 

*fl 12 ^^H, 
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^-71 Ti^ ^*Rr #31 ^, ^7] 7|^;3Z|. ^V 7 ] Ti n|o} #o.±. -fr^H Ti ^ 

^Afolc^. ^a^> 7 i <^ 700t: tfl^l 900°C^ £r£.°lH ^e^Kr cjTfll- c| 5L^-*Rr 

25] 

*ll 12 %H1 &°H, 

^•71 ^ si ^ 71^32}- ^-7] Ti^ £-§-^8: -frl^H Ti ^2]4°lHt *§^*}7] ^*fl 

700°C 900°C^ <i^El^ £3l» d) i^>^ ^-fr ^ #51 

26] 

^] 12 *J- 5E^r ^1 14 "%> ^^r *\) 20 %H1 &<>M , 

#fH>Kr CI 711- 7fl7i^7l ^*ti H27f>il- o].g-^ ^^^g- ^A]^ 

I^^i 1 ^ 27] 

12 Sfe 14 Hfe 20 *cHl Si^H, 
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sici^ -e *h^* ^ ^io S ^ 
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